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Abstract	  
	  Nitration	  of	  Alkenes	  and	  Conjugated	  Dienes	  	  Using	  Lithium	  Nitrate	  /	  Trifluoroacetic	  Anhydride	  Stephanie	  A.	  Costa	  Peter	  A.	  Wade,	  Ph.D.	  	  	  	  	   Nitration	  of	  2-­‐methyl-­‐2-­‐butene	  in	  propionitrile	  using	  lithium	  nitrate	  and	  trifluoroacetic	  anhydride	  yielded	  N-­‐(2-­‐methyl-­‐3-­‐nitro-­‐2-­‐butyl)	  propionamide,	  in	  60%	  yield.	  The	  product	  was	  purified	  using	  column	  chromatography.	  Nitration	  of	  cyclohexadiene	  in	  acetonitrile	  was	  unsuccessful	  as	  a	  mixture	  of	  indiscernible	  structures	  was	  obtained	  after	  attempted	  chromatographic	  separation.	  Nitration	  of	  2,3-­‐dimethyl-­‐1,3-­‐butadiene	  in	  acetonitrile	  yielded	  the	  1,2-­‐product,	  (N-­‐(2,3-­‐dimethyl-­‐1-­‐nitrobut-­‐3-­‐en-­‐2-­‐yl)acetamide),	  and	  the	  1,4-­‐	  product,	  ((E)-­‐N-­‐(2,3-­‐dimethyl-­‐4-­‐nitrobut-­‐2-­‐enyl)acetamide),	  in	  low	  yields.	  Due	  to	  differences	  in	  polarity	  between	  the	  two	  products,	  different	  solvent	  systems	  were	  utilized.	  A	  previously	  unreported	  (Z)-­‐isomer	  of	  the	  N-­‐(2,3-­‐dimethyl-­‐4-­‐nitrobut-­‐2-­‐enyl)acetamide	  was	  observed	  in	  the	  spectra	  of	  the	  purified	  N-­‐(2,3-­‐dimethyl-­‐1-­‐nitrobut-­‐3-­‐en-­‐2-­‐yl)acetamide.	  TLC	  band	  cutting	  led	  to	  successfully	  obtaining	  clean	  spectra	  of	  N-­‐(2,3-­‐dimethyl-­‐1-­‐nitrobut-­‐3-­‐en-­‐2-­‐yl)acetamide,	  which	  exhibited	  previously	  unreported	  fine	  structure	  and	  long-­‐range	  coupling.	  The	  spectra	  of	  N-­‐(2,3-­‐dimethyl-­‐1-­‐nitrobut-­‐3-­‐en-­‐2-­‐yl)acetamide	  and	  (E)-­‐N-­‐(2,3-­‐dimethyl-­‐4-­‐nitrobut-­‐2-­‐enyl)acetamide	  compared	  favorably	  with	  the	  literature.	  A	  solid	  side	  product,	  hypothesized	  to	  be	  a	  trifluoroacetate	  ester,	  was	  isolated	  during	  column	  chromatography	  but	  not	  identified.	  
	  
	   	  
	   1	  	  
1.	  Introduction	  	  	   Nitro	  compounds	  are	  important	  in	  two	  main	  fields	  of	  organic	  chemistry:	  synthesis	  and	  energetic	  materials	  (explosives).1	  Nitro	  compounds	  are	  not	  only	  versatile,	  but	  are	  also	  easily	  available	  and	  synthesized.1	  These	  compounds	  are	  usually	  involved	  in	  many	  reactions	  including	  Michael	  additions,	  nitro-­‐aldol	  reactions,	  cycloadditions,	  reduction	  to	  amines,	  Nef	  reactions	  and	  synthesis	  of	  organonitroso	  compounds.1	  Three	  of	  the	  more	  prominent	  reactions	  of	  nitro	  compounds	  are	  Michael	  additions,	  Nef	  reactions	  and	  reduction.	  	  Michael	  additions	  involve	  the	  addition	  of	  a	  nucleophile	  to	  an	  activated	  electrophilic	  olefin.2	  The	  reaction	  forges	  a	  new	  bond	  with	  the	  nucleophile,	  which	  for	  nitroolefins,	  leads	  to	  new	  nitro-­‐containing	  scaffolds.2	  This	  addition	  reaction	  is	  highly	  useful	  owing	  to	  the	  mild	  reaction	  conditions	  and	  high	  conversion	  rates,2	  such	  as,	  the	  addition	  of	  nitroethane	  to	  1.3	  This	  example	  affords	  only	  one	  diastereomer,	  syn	  2	  (Equation	  1).3	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   2	  	  
	   The	  conversion	  of	  a	  nitro	  group	  to	  a	  carbonyl	  group	  through	  use	  of	  strongly	  acidic	  conditions	  is	  named	  the	  Nef	  reaction.4	  Alternate	  milder	  versions	  of	  the	  Nef	  reaction	  include	  oxidative	  and	  reductive	  methods.4	  Oxidative	  methods	  convert	  primary	  nitro	  groups	  to	  aldehydes	  and	  carboxylic	  acids	  via	  an	  oxidant,	  such	  as	  potassium	  permanganate	  (KMnO4).4	  Secondary	  nitro	  compounds	  are	  converted	  to	  ketones.	  4	  For	  example,	  nitro	  acetal	  3	  is	  converted	  to	  aldehyde	  4	  with	  sodium	  chlorite	  as	  the	  oxidant	  (Equation	  2).5	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  Scheme	  1	  	  	  	  The	  current	  study	  explores	  alkene	  and	  diene	  nitrations.	  The	  nitration	  pathway	  affords	  a	  carbocation	  intermediate	  that	  was	  trapped	  by	  the	  solvent	  to	  give	  nitroamides.	  Precedence	  for	  this	  research	  is	  found	  in	  Chemistry	  of	  Allyl	  Nitrate	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The	  resulting	  solution	  is	  stirred	  for	  thirty	  minutes	  at	  room	  temperature	  then	  cooled	  down	  to	  0	  to	  5°C.	  After	  the	  solution	  is	  cooled,	  sodium	  carbonate	  (2.12	  g)	  is	  added	  and,	  after	  thirty	  minutes,	  an	  alkene	  or	  diene	  is	  added.	  For	  example,	  2-­‐methyl-­‐2-­‐butene	  (1.0	  mL)	  (13)	  was	  added	  and	  the	  mixture	  was	  stirred	  overnight.	  Deionized	  water	  (50	  mL)	  was	  then	  added	  and	  dichloromethane	  (three	  50	  mL	  portions)	  was	  used	  to	  extract	  the	  crude	  N-­‐(2-­‐methyl-­‐3-­‐nitro-­‐2-­‐butyl)acetamide	  (18).	  8	  The	  organic	  layers	  were	  combined,	  dried	  with	  anhydrous	  magnesium	  sulfate,	  and	  concentrated	  under	  reduced	  pressure.	  To	  purify	  the	  crude	  product,	  recrystallization	  from	  warm	  chloroform/	  toluene	  (1:3	  ratio)	  was	  carried	  out.8	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Ritter	  reaction.	  Carbonate	  attack	  on	  15	  and	  16	  gives,	  after	  work-­‐up,	  nitroamide	  18	  as	  the	  final	  product.	  8	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contrast,	  the	  nitration	  of	  (E)-­‐3-­‐methyl-­‐1,3-­‐pentadiene	  (23)	  with	  excess	  lithium	  nitrate/	  trifluoroacetic	  anhydride	  in	  acetonitrile	  gave	  predominantly	  the	  C,N-­‐dinitroacetamide	  24	  in	  60%	  yield	  (Equation	  5).8	  	  	  






























	   9	  	  
Bloom	  et	  al.13	  reported	  an	  involved	  nitration	  process	  using	  electrogenesis	  to	  synthesize	  nitroamides	  (Scheme	  3).	  In	  this	  procedure,	  an	  alkene	  in	  dichloromethane	  was	  combined	  with	  a	  nitronium	  tetrafluoroborate	  anolyte	  solution	  in	  acetonitrile.	  However,	  the	  nitroamide	  products	  were	  limited	  to	  compounds	  where	  the	  two	  substituents	  were	  vicinal.	  The	  method	  reported	  by	  Bloom	  et	  al.10,13	  	  required	  the	  use	  of	  nitronium	  tetrafluoroborate,	  which	  cost	  $22.40	  per	  gram.14	  This	  compound	  is	  corrosive	  and	  a	  category	  3	  health	  hazard,	  as	  designated	  by	  the	  NFPA.15	  Venkat	  et	  al.16	  reported	  the	  synthesis	  of	  nitroamide	  compounds	  using	  Ritter-­‐like	  reaction	  pathways.16	  In	  a	  one-­‐pot	  synthesis,	  sodium	  nitrite/ceric	  ammonium	  nitrate	  in	  acetonitrile	  was	  added	  to	  alkenes.16	  As	  noted	  by	  Venkat	  et	  al.16	  and	  observed	  by	  Paparoidamis8,	  carbocation	  stabilization	  seemed	  to	  contribute	  to	  nitroalkene	  formation	  instead	  of	  nitroamide	  formation.	  For	  example,	  with	  diphenyl	  ethylene	  (25),	  acetonitrile	  did	  not	  trap	  the	  intermediate;	  instead,	  the	  reaction	  resulted	  in	  formation	  of	  the	  nitroolefin,	  1,1-­‐diphenyl-­‐2-­‐nitroethene	  (26)	  in	  52%	  yield	  (Equation	  6).8	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2.	  Results	  and	  Discussion	  	  	  	  	  	   The	  current	  study	  explores	  nitration	  reactions	  using	  lithium	  nitrate/	  trifluoroacetic	  anhydride	  in	  nitrile	  solvents.	  Experiments	  were	  performed	  with	  2-­‐methyl-­‐2-­‐butene	  in	  propionitrile,	  1,3-­‐cyclohexadiene	  in	  acetonitrile,	  and	  2,3-­‐dimethyl-­‐1,3-­‐butadiene	  in	  acetonitrile.	  	  
Nitration	  of	  2-­‐Methyl-­‐2-­‐Butene	  using	  propionitrile	  as	  the	  solvent	  	  	   Conceivably,	  the	  nitration	  reactions	  in	  acetonitrile	  should	  be	  capable	  of	  substitution	  of	  other	  nitriles	  for	  the	  trapping	  of	  the	  nitrocarbocation.	  Wade	  et	  al.	  were	  able	  to	  substitute	  acetonitrile	  by	  benzonitrile	  in	  the	  nitration	  of	  2-­‐methyl-­‐2-­‐butene	  but	  the	  yield	  of	  the	  nitrobenzamide	  was	  only	  28%.25	  	   Experimentally,	  the	  nitration	  of	  2-­‐methyl-­‐2-­‐butene	  (13)	  in	  propionitrile	  gave	  N-­‐(2-­‐methyl-­‐3-­‐nitro-­‐2-­‐butyl)	  propionamide	  (28)	  as	  the	  major	  product	  in	  60%	  yield	  (Scheme	  4).	  The	  experiment	  was	  performed	  five	  times.	  When	  the	  2-­‐methyl-­‐2-­‐butene	  was	  added,	  the	  reaction	  solution	  became	  a	  light	  teal	  color,	  then	  changed	  to	  a	  dark	  yellow	  color	  after	  stirring	  overnight.	  Once	  concentrated,	  a	  yellow	  oil	  was	  obtained.	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two	  coupling	  patterns,	  AX3	  and	  A2X3,	  were	  apparent.	  One	  broad	  singlet	  at	  δ	  5.40	  was	  consistent	  with	  an	  amide	  proton.	  The	  other	  two	  singlets	  were	  consistent	  with	  two	  diastereotopic	  methyl	  groups.	  The	  AX3	  pattern	  provided	  evidence	  for	  O2N-­‐CH(CH3).	  The	  A2X3	  pattern	  gave	  strong	  evidence	  for	  CH3CH2C(=O).	  Thus,	  the	  spectrum	  indicated	  the	  expected	  critical	  structural	  elements	  present	  in	  the	  proposed	  structure	  (Figure	  2	  through	  4).	  	   	  
Nitration	  of	  1,3-­‐Cyclohexadiene	  using	  acetonitrile	  as	  the	  solvent	  	  	  	   In	  previous	  studies,	  the	  nitration	  of	  (E)-­‐3-­‐methyl-­‐1,3-­‐pentadiene	  (23)	  gave	  an	  N-­‐nitro	  1,4-­‐nitroacetamide	  24	  as	  the	  main	  product	  when	  1.1	  equivalents	  of	  trifluoroacetic	  anhydride	  /	  lithium	  nitrate	  to	  diene	  were	  employed	  (60%	  yield)	  (Equation	  5).8	  Other	  conjugated	  dienes,	  namely	  1,3-­‐cyclohexadiene,	  were	  expected	  to	  give	  similar	  results.	  Despite	  unsuccessful	  previous	  attempted	  nitrations	  of	  1,3-­‐cyclohexadiene	  (29),	  the	  nitration	  of	  1,3-­‐cyclohexadiene	  was	  therefore	  examined.	  Experimentally,	  the	  anticipated	  mechanistic	  pathway	  for	  the	  nitration	  of	  1,3-­‐cyclohexadiene	  is	  shown	  in	  Scheme	  5.	  When	  the	  reaction	  was	  performed,	  TLC	  indicated	  at	  least	  two	  products	  were	  initially	  formed	  that	  increased	  to	  five	  compounds	  after	  two	  days.	  Column	  chromatography	  also	  led	  to	  impure	  fractions	  that	  appeared	  to	  be	  unstable	  to	  further	  purification	  and	  to	  storage	  (Figure	  9	  for	  IR	  spectrum,	  Figure	  10	  for	  1H	  NMR).	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  Scheme	  5	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dimethyl-­‐4-­‐nitrobut-­‐2-­‐enyl)acetamide	  from	  the	  literature	  spectrum.10	  However,	  there	  were	  additional	  peaks	  indicating	  the	  presence	  of	  impurities.	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The	  nitroamides	  21	  and	  22	  were	  initially	  difficult	  to	  isolate	  as	  they	  were	  very	  polar	  and	  did	  not	  elute	  from	  the	  column	  with	  30:70	  ethyl	  acetate	  /	  hexanes.	  Some	  materials	  did	  not	  move	  off	  of	  the	  baseline	  even	  when	  100%	  ethyl	  acetate	  was	  used	  for	  elution.	  It	  was	  concluded	  that	  ethyl	  acetate	  used	  to	  complete	  column	  elution	  was	  insufficiently	  polar.	  A	  test	  purification	  on	  a	  small	  portion	  of	  the	  crude	  product	  indicated	  that	  the	  baseline	  band	  began	  to	  elute	  with	  30	  mL	  dichloromethane	  containing	  3	  drops	  of	  methanol.	  After	  determining	  necessary	  solvent	  composition,	  column	  chromatography	  was	  used	  to	  purify	  the	  bulk	  of	  the	  crude	  product.	  The	  column	  was	  first	  eluted	  with	  100	  mL	  30:70	  ethyl	  acetate/	  hexanes,	  followed	  by	  elution	  with	  99:1	  ethyl	  acetate/	  methanol	  to	  free	  the	  polar	  materials	  from	  the	  column.	  Concentration	  of	  the	  latter	  fractions	  afforded	  an	  impure	  material	  with	  spectra	  consistent	  with	  the	  presence	  of	  N-­‐(2,3-­‐dimethyl-­‐1-­‐nitrobut-­‐3-­‐en-­‐2-­‐yl)acetamide	  (22),	  and	  (E)-­‐N-­‐(2,3-­‐dimethyl-­‐4-­‐nitrobut-­‐2-­‐enyl)acetamide	  (21),	  but	  contaminated	  with	  many	  impurities.	  There	  was	  no	  evidence	  for	  the	  presence	  of	  C,N-­‐dinitroacetamide	  (39)	  in	  these	  fractions.	  	  The	  three	  most	  polar	  fractions	  solidified	  on	  standing.	  The	  1H	  NMR	  spectrum	  of	  the	  least	  polar	  fraction	  indicated	  both	  nitroamide	  22,	  and	  (Z)-­‐nitroamide	  21.	  The	  second	  fraction	  was	  very	  impure	  but	  did	  contain	  nitroamide	  22.	  This	  fraction	  was	  lost	  in	  subsequent	  purification	  attempts	  and	  therefore	  was	  not	  used	  for	  characterization.	  Similarly,	  (E)-­‐	  nitroamide	  21	  was	  present	  in	  the	  baseline	  material	  (last	  fraction,	  Rf=	  0,	  30:70	  ethyl	  acetate/hexanes)	  as	  determined	  from	  the	  1H	  NMR	  spectrum.	  Attempts	  at	  recrystallization	  of	  the	  fractions	  to	  obtain	  cleaner	  spectra	  were	  inadequate.	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Preparative	  TLC	  was	  used	  for	  further	  purification	  of	  the	  fractions.	  The	  necessary	  solvent	  system	  for	  complete	  purification	  of	  the	  two	  main	  adducts	  varied	  due	  to	  significant	  polarity	  differences.	  The	  main	  nitroamide,	  (E)-­‐nitroamide	  21,	  was	  considerably	  more	  polar	  than	  nitroamide	  22.	  Nitroamide	  22	  contained	  a	  small	  amount	  of	  what	  was	  seemingly	  (Z)-­‐nitroamide	  21	  that	  could	  not	  be	  separated.	  Thus,	  the	  two	  geometric	  isomers	  of	  nitroamide	  21	  had	  substantially	  different	  polarity.	  	  	   The	  most	  polar	  fraction,	  (E)-­‐	  nitroamide	  21,	  was	  present	  in	  the	  baseline.	  A	  preparative	  TLC	  was	  performed.	  Spectra	  of	  the	  purified	  material	  were	  then	  taken	  (Rf=	  0.41,	  ethyl	  acetate)	  (Figure	  23	  through	  25),	  and	  matched	  the	  literature	  for	  (E)-­‐	  nitroamide	  21.10	  The	  13C	  NMR	  and	  mass	  spectrum	  also	  agreed	  with	  the	  literature	  spectrum	  (Figures	  26	  through	  29).10	  	   Nitroamide	  22	  was	  present	  in	  two	  of	  the	  less	  polar	  column	  fractions	  (combined	  yield	  18%).	  Further	  purification	  using	  two	  preparative	  TLC	  plates,	  eluted	  with	  25:75	  ethyl	  acetate/	  dichloromethane,	  gave	  better	  separation	  from	  impurities	  (Rf=	  0.68)	  although	  the	  sample	  was	  not	  completely	  pure.	  The	  1H	  NMR,	  13C	  NMR	  and	  mass	  spectrum	  matched	  the	  reported	  spectra	  for	  nitroamide	  22.10	  However,	  long-­‐range	  coupling	  (not	  previously	  reported)	  was	  observed	  between	  the	  geminal	  protons	  and	  the	  methyl	  protons	  of	  one	  of	  the	  methyl	  groups	  (J=	  1.0	  Hz).	  The	  signals	  of	  the	  impurity	  were	  consistent	  with	  a	  previously	  unreported	  isomer,	  specifically	  (Z)-­‐nitroamide	  21.	  	  	  For	  (E)-­‐nitroamide	  21,	  the	  IR	  spectrum	  showed	  characteristic	  bands	  of	  a	  secondary	  amide	  (NH	  at	  3288	  cm-­‐1	  and	  C=O	  at	  1651	  cm-­‐1)	  and	  of	  a	  nitro	  compound	  	  (1543	  cm-­‐1	  and	  1372	  cm-­‐1)	  (Figure	  22).	  In	  the	  1H	  NMR	  spectrum	  (Figures	  23	  through	  
	   18	  	  
25),	  five	  singlets,	  a	  doublet	  and	  a	  coupling	  pattern,	  AX3,	  were	  apparent.	  One	  broad	  singlet	  consistent	  with	  an	  amide	  proton	  occurred	  at	  δ	  5.49.	  Another	  singlet	  was	  consistent	  with	  the	  methylene	  group	  attached	  to	  the	  nitro	  substituent.	  One	  singlet	  corresponded	  to	  CH3C(=O)	  methyl	  protons.	  The	  other	  two	  singlets	  were	  consistent	  with	  two	  different	  CH3C=C	  methyl	  groups.	  The	  doublet	  was	  consistent	  with	  CH2NH	  methylene	  protons.	  The	  spectrum	  also	  matched	  with	  the	  published	  spectrum10.	  The	  NMR	  spectrum	  of	  nitroamide	  22	  also	  corresponded	  to	  the	  published	  spectrum,	  but	  contained	  additional	  peaks	  from	  an	  impurity.	  (Z)-­‐nitroamide	  21	  was	  observed	  in	  the	  NMR	  spectrum	  of	  nitroamide	  22	  with	  signals	  similar	  to	  that	  of	  the	  spectrum	  of	  (E)	  -­‐nitroamide	  21	  (Figures	  38	  through	  40).	  Specifically,	  the	  doublet	  at	  δ	  4.25	  (J=5.3	  Hz)	  corresponding	  to	  CH2NH	  and	  the	  singlet	  at	  δ	  5.00	  attributed	  to	  CH2NO2	  were	  assigned	  to	  (Z)-­‐	  nitroamide	  21	  present	  in	  nitroamide	  22.	  An	  attempt	  to	  concentrate	  
(Z)-­‐	  nitroamide	  21	  by	  taking	  two	  fractions,	  top	  and	  bottom	  half,	  of	  a	  repeated	  preparative	  TLC	  was	  only	  partly	  successful.	  The	  bottom	  half	  contained	  only	  nitroamide	  22	  (Figures	  30	  through	  37).	  The	  top	  half	  of	  the	  band	  contained	  both	  products,	  as	  evidenced	  by	  the	  two	  additional	  1H	  NMR	  signals	  at	  δ	  4.25	  and	  δ	  5.00	  as	  well	  as	  signals	  due	  to	  22.	  	   There	  was	  a	  large	  difference	  in	  polarity	  of	  the	  three	  products	  obtained	  in	  this	  study.	  In	  particular,	  (E)-­‐	  nitroamide	  21	  was	  much	  more	  polar	  than	  either	  (Z)-­‐	  nitroamide	  21	  or	  nitroamide	  22.	  This	  may	  reflect	  a	  difference	  in	  internal	  H-­‐bonding	  for	  these	  products.	  Only	  (E)-­‐	  nitroamide	  21	  is	  incapable	  of	  internal	  H-­‐bonding.	  The	  
(Z)-­‐	  nitroamide	  21	  and	  nitroamide	  22	  are	  capable	  of	  internal	  H-­‐bonding	  and	  are	  less	  polar	  due	  to	  this	  intramolecular	  phenomenon.	  Whether	  or	  not	  the	  lack	  of	  internal	  H-­‐
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bonding	  is	  the	  cause	  of	  high	  polarity	  in	  (E)-­‐	  nitroamide	  21	  should	  be	  explored	  in	  further	  research.	  The	  difficulty	  surrounding	  the	  synthesis	  and	  isolation	  of	  nitroamides	  21	  and	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3.	  Conclusions	  	  	  	   	  	   In	  this	  thesis,	  the	  synthesis	  of	  nitro	  compounds	  was	  performed	  by	  the	  nitration	  of	  olefins.	  The	  active	  nitrating	  agent	  was	  trifluoroacetyl	  nitrate	  prepared	  in	  situ	  from	  trifluoroacetic	  anhydride	  and	  lithium	  nitrate.	  This	  reacts	  with	  olefins	  to	  form	  a	  carbocation.	  The	  intermediate	  is	  trapped	  by	  the	  solvent	  to	  form	  a	  nitrilium	  ion	  intermediate	  that,	  either	  with	  sodium	  carbonate	  or	  during	  aqueous	  work	  up,	  yields	  a	  nitroamide.	  The	  starting	  alkenes	  and	  dienes	  examined	  in	  this	  research	  were	  2-­‐methyl-­‐2-­‐butene,	  1,3-­‐cyclohexadiene	  and	  2,3-­‐dimethyl-­‐1,3-­‐butadiene.	  The	  nitration	  of	  2-­‐methyl-­‐2-­‐butene	  in	  propionitrile	  yielded	  N-­‐(2-­‐methyl-­‐3-­‐nitro-­‐2-­‐butyl)	  propionamide	  in	  60%	  yield.	  The	  nitration	  of	  1,3-­‐cyclohexadiene	  in	  acetonitrile	  afforded	  a	  mixture	  of	  products	  from	  which	  no	  pure	  materials	  were	  able	  to	  be	  isolated.	  The	  nitration	  of	  2,3-­‐dimethyl-­‐1,3-­‐butadiene	  in	  acetonitrile	  yielded	  the	  regioisomers	  N-­‐(2,3-­‐dimethyl-­‐1-­‐nitrobut-­‐3-­‐en-­‐2-­‐yl)acetamide	  and	  (E)-­‐N-­‐(2,3-­‐dimethyl-­‐4-­‐nitrobut-­‐2-­‐enyl)acetamide,	  in	  a	  low	  yield.	  Different	  solvent	  systems	  were	  needed	  to	  separate	  the	  two	  products	  due	  to	  differences	  in	  polarity.	  During	  purification,	  a	  previously	  unreported	  (Z)-­‐N-­‐(2,3-­‐dimethyl-­‐4-­‐nitrobut-­‐2-­‐enyl)acetamide	  was	  detected	  in	  the	  spectra	  of	  the	  partially	  purified	  N-­‐(2,3-­‐dimethyl-­‐1-­‐nitrobut-­‐3-­‐en-­‐2-­‐yl)acetamide.	  The	  spectra	  of	  the	  N-­‐(2,3-­‐dimethyl-­‐1-­‐nitrobut-­‐3-­‐en-­‐2-­‐yl)acetamide	  compared	  favorably	  with	  the	  literature10.	  Fine	  structure	  and	  long-­‐range	  coupling	  were	  noted	  in	  the	  spectra	  of	  the	  N-­‐(2,3-­‐dimethyl-­‐1-­‐nitrobut-­‐3-­‐en-­‐2-­‐yl)acetamide	  that	  had	  not	  been	  reported	  in	  the	  literature10.	  A	  solid	  side	  product,	  hypothesized	  to	  be	  a	  trifluoroacetate	  ester,	  was	  observed	  in	  the	  nitration	  of	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4.	  Experimental	  	  	  	  	  
General	  nitration	  procedure.	  The	  general	  procedure	  follows	  the	  reported	  procedure	  in	  Chemistry	  of	  Allyl	  Nitrate	  Esters,	  β-­‐Nitroacetamides,	  and	  Various	  Other	  
Nitro	  Compounds.8	  	  A	  100	  mL	  round	  bottomed	  flask	  was	  fitted	  with	  a	  nitrogen	  gas	  inlet.	  Anhydrous	  acetonitrile	  (40	  mL,	  765.90	  mmol)	  or	  propionitrile	  (40	  mL,	  575.16	  mmol),	  lithium	  nitrate	  (2.50	  g,	  36.26	  mmol)	  and	  trifluoroacetic	  anhydride	  (2.80	  mL,	  19.86	  mmol)	  were	  added	  to	  the	  flask	  and	  kept	  under	  a	  positive	  pressure	  of	  nitrogen.	  The	  flask	  contents	  were	  stirred	  for	  thirty	  minutes.	  Sodium	  carbonate	  (2.12	  g,	  20.02	  mmol)	  was	  then	  added	  and	  the	  mixture	  was	  allowed	  to	  stir	  for	  thirty	  minutes	  while	  the	  flask	  was	  cooled	  in	  an	  ice	  bath.	  Alkene	  or	  diene	  (1.0	  mL)	  was	  added	  and	  the	  resulting	  mixture	  was	  allowed	  to	  stir	  overnight	  during	  which	  time	  the	  ice	  bath	  gradually	  warmed	  up	  to	  room	  temperature.	  Afterwards,	  the	  mixture	  was	  added	  to	  distilled	  water	  (50	  mL,	  2774.69	  mmol).	  Dichloromethane	  (3x	  50	  mL,	  781.00	  mmol)	  was	  used	  to	  extract	  the	  organic	  products.	  The	  extracts	  were	  combined,	  dried	  with	  anhydrous	  magnesium	  sulfate,	  and	  concentrated	  under	  reduced	  pressure.	  The	  resulting	  residue	  was	  purified	  via	  column	  chromatography	  on	  silica	  gel	  (ethyl	  acetate/	  hexanes,	  30:70	  and	  100:0).	  Final	  elution	  was	  with	  99:1	  ethyl	  acetate/	  methanol	  for	  the	  nitration	  of	  2,3-­‐dimethyl-­‐1,3-­‐butadiene.	  Typically,	  solids	  were	  obtained	  on	  concentration	  of	  the	  various	  column	  fractions	  that	  contained	  products.	  These	  solids	  were	  recrystallized	  from	  warm	  chloroform/	  toluene	  (1:3	  ratio).	  
	   23	  	  
Preparative	  TLC	  plates	  (silica	  gel,	  250	  μ)	  were	  used	  to	  further	  purify	  the	  products	  derived	  from	  2,3-­‐dimethyl-­‐1,3-­‐butadiene.	  	  	  Spectral	  analyses	  were	  performed	  on	  the	  products,	  including	  FT-­‐IR,	  1H	  NMR,	  
13C	  NMR	  and	  mass	  spectra.	  	  Product	  identification	  and	  purity	  determination	  is	  based	  on	  these	  analyses.	  	  	  
4.1	  Experiment	  1:	  Nitration	  of	  2-­‐Methyl	  2-­‐Butene	  in	  Propionitrile	  solution	  	  	  	  
N-­‐(2-­‐methyl-­‐3-­‐nitro-­‐2-­‐butyl)	  propionamide	  (28):	  	  
	  	  	   	  IR	  (ATR)	  3276	  (N-­‐H),	  1648	  (amide	  I),	  1535	  (NO2	  asym)	  and	  1365	  (NO2	  sym)	  cm-­‐1;	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4.2	  Experiment	  2:	  Nitration	  of	  1,3-­‐Cyclohexadiene	  in	  Acetonitrile	  solution	  	  	  	  IR	  (ATR)	  1637	  (amide	  I),	  1502	  (NO2	  asym)	  and	  1321	  (NO2	  sym)	  cm-­‐1;	  
1H	  NMR	  (500	  MHz,	  CDCl3)	  Mixture	  of	  unidentifiable	  products	  (see	  spectrum)	  	  	  











	  	  	  IR	  (ATR)	  3288	  (N-­‐H),	  1650	  (amide	  I),	  1543	  (NO2	  asym)	  and	  1372	  (NO2	  sym)	  cm-­‐1;	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N-­‐(2,3-­‐dimethyl-­‐1-­‐nitrobut-­‐3-­‐en-­‐2-­‐yl)acetamide	  (22):	  	  
	  	  	  	  	  	  IR	  (ATR)	  3270	  (N-­‐H),	  1645	  (amide	  I),	  1541	  (NO2	  asym)	  and	  1374	  (NO2	  sym)	  cm-­‐1;	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ppm	  4.25	  (d,	  J=5.3	  Hz),	  5.00	  (s).	  The	  isomer	  made	  up	  10%	  of	  the	  purified	  sample	  based	  on	  the	  1H	  NMR	  integration.	  (See	  Figures	  38	  through	  40)	  	  	  
Trifluoroacetate	  ester	  side	  product:	  	  	  	  IR	  (ATR)	  3139	  (NH),	  1807	  (possible	  strained	  amide	  ring	  or	  acid	  halide),	  1572	  (NO2	  asym)	  and	  1351	  (NO2	  sym)	  cm-­‐1;	  1H	  NMR	  (500	  MHz,	  CDCl3)	  δ	  ppm	  1.79(s),	  2.25	  (d,	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Appendix	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C:\Users\...\Tim Wade\CostaSE5_151009 10/9/2015 11:22:53 AM CostaSE5
in MeOH
CostaSE5_151009 #1-99 RT: 0.00-0.45 AV: 99 NL: 1.26E7
T: ITMS + p APCI corona Full ms [90.00-500.00]

























CostaSE5_151009 #113-143 RT: 0.55-0.99 AV: 31 NL: 8.15E7
T: FTMS + p APCI corona Full ms [175.00-200.00]
























C 8 H 17 O 3 N 2 = 189.12337
0.46457 ppm
190.12686
C 7 13C H 17 O 3 N 2 = 190.12672
0.73587 ppm
Figure	  8.	  Mass	  Spectrum	  of	  N-­‐(2-­‐methyl-­‐3-­‐nitro-­‐2-­‐butyl)	  propionamide	  
	   35	  	  


















































































































































































































































































































































































































EXPERIMENT	  2:	  Nitration	  of	  1,3-­‐Cyclohexadiene	  in	  acetonitrile	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Figure	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EXPERIMENT	  3:	  Nitration	  of	  2,3-­‐Dimethyl-­‐1,3-­‐Butadiene	  in	  acetonitrile	  	  Table	  1.	  Preparative	  TLC	  of	  crude	  products	  from	  the	  nitration	  of	  2,3-­‐dimethyl-­‐1,3-­‐butadiene	  in	  acetonitrile.	  The	  layers	  of	  dark	  layers	  were	  scrapped	  off	  an	  analyzed.	  The	  first	  layer,	  which	  smeared	  on	  the	  baseline	  had	  the	  highest	  percent	  yield.	  	  TLC	   Initial	  (g)	   0.0576	  Layer	   Amount	  (g)	   %	  yield	  1	   0.0056	   0.097	  2	   0.0002	   0.003	  3	   0.0041	   0.071	  4	   0.0015	   0.026	  5	   0.0021	   0.036	  6	   0.0015	   0.026	  	  	  	  Table	  2.	  Column	  Fractions	  of	  crude	  products	  from	  the	  nitration	  of	  2,3-­‐dimethyl-­‐1,3-­‐butadiene	  in	  acetonitrile.	  The	  fractions	  from	  the	  column	  are	  shown	  below	  with	  their	  percent	  yields.	  The	  samples	  are	  listed	  from	  least	  retained	  (A)	  to	  most	  retained	  (G).	  All	  samples	  were	  oils	  except	  for	  the	  last	  three,	  which	  were	  solid.	  Column	   Initial	  (g)	   0.9827	   	  	  Fraction	   Amount	  (g)	   %	  yield	   Observations	  A	   0.0242	   2.463	   oil	  B	   0.0212	   2.157	   oil	  C	   0.0122	   1.241	   oil	  D	   0.0128	   1.303	   oil	  E	   0.0989	   10.064	   solid	  F	   0.0753	   7.663	   solid	  G	   0.4055	   41.264	   oil+solid	  	  	  	  Table	  3.	  Percent	  yield	  from	  purification	  processes	  for	  the	  1,4-­‐adduct	  (N-­‐(2,3-­‐Dimethyl-­‐4-­‐nitrobut-­‐2-­‐enyl)acetamide)	  and	  1,2-­‐adduct	  (N-­‐(2,3-­‐Dimethyl-­‐1-­‐nitrobut-­‐3-­‐en-­‐2-­‐yl)acetamide)	  Product	   Location	   Percent	  yield	  (%)	  1,4-­‐adduct	   TLC	  of	  initial	  crude	  material	   9.72	  1,4-­‐adduct	   Column	  Fraction	  G	  (impure)	   41.26	  1,4-­‐adduct	   Second	  TLC	  of	  Column	  Fraction	  G	   16.20	  1,2-­‐adduct	   Column	  Fraction	  E	  (impure)	   10.06	  1,2-­‐adduct	   Third	  TLC	  of	  Column	  Fraction	  E	   88.82	  1,2-­‐adduct	   Column	  Fraction	  F	  (impure)	   7.66	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C:\Users\...\Tim Wade\Costa12C_160302 3/2/2016 2:12:04 PM Costa12C
in CH2Cl2
Costa12C_160302 #1-37 RT: 0.00-0.22 AV: 37 NL: 2.72E6
T: ITMS + p APCI corona Full ms [100.00-1000.00]
































Costa12C_160302 #49-66 RT: 0.36-0.61 AV: 18 NL: 1.01E6
T: FTMS + p APCI corona Full ms [130.00-150.00]





























C 8 H 14 O N = 140.10699
-0.63246 ppm
141.11025
C 7 13C H 14 O N = 141.11035
-0.64239 ppm
Costa12C_160302 #75-92 RT: 0.75-1.00 AV: 18 NL: 9.44E6
T: FTMS + p APCI corona Full ms [175.00-195.00]





























C 8 H 15 O 3 N 2 = 187.10772
-0.67164 ppm
188.11099
C 7 13C H 15 O 3 N 2 = 188.11107
-0.44281 ppm
Figure	  21.	  Mass	  Spectrum	  of	  crude	  products	  from	  the	  nitration	  of	  2,3-­‐dimethyl-­‐1,3-­‐butadiene	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COSTA_exp12_TLC2_L1_20160401_2
COSTA_exp12_TLC2_L1_20160401_2 #1-65 RT: 0.00-0.32 AV: 65 NL: 2.80E6
T: ITMS + p APCI corona Full ms [80.00-600.00]




























98.1 141.2 352.5274.1 374.1
COSTA_exp12_TLC2_L1_20160401_2 #80-91 RT: 0.46-0.62 AV: 12 NL: 8.99E6
T: FTMS + p APCI corona Full ms [180.00-210.00]
























C8 H15 O3 N2 = 187.10772
-0.36194 ppm
188.11104
C7 13C H15 O3 N2 = 188.11107
-0.19913 ppm
COSTA_exp12_TLC2_L1_20160401_2 #80-91 RT: 0.46-0.62 AV: 12 NL: 2.76E6
T: FTMS + p APCI corona Full ms [180.00-210.00]
























C9 H17 O3 N2 = 201.12337
-0.32371 ppm
202.12667
C8 13C H17 O3 N2 = 202.12672
-0.25531 ppm
COSTA_exp12_TLC2_L1_20160401_2
COSTA_exp12_TLC2_L1_20160401_2 #1-66 RT: 0.00-0.32 AV: 66 NL: 2.80E6
T: ITMS + p APCI corona Full ms [80.00-600.00]




























274.1 374.1259.1155.2 455.9128.1 524.3387.1 540.0
COSTA_exp12_TLC2_L1_20160401_2 #99-115 RT: 0.74-0.97 AV: 17 NL: 2.97E6
T: FTMS + p APCI corona Full ms [130.00-150.00]






















C 8 H 14 O N = 140.10699
-0.41739 ppm
141.11029
C 7 13C H 14 O N = 141.11035
-0.36771 ppm
Figure	  29.	  Mass	  spectrum	  of	  (E)-­‐N-­‐(2,3-­‐dimethyl-­‐4-­‐nitrobut-­‐2-­‐enyl)acetamide	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C:\Users\...\CostaExp12_ETLC3_20160422
CostaExp12_ETLC3_20160422 #1-88 RT: 0.00-0.40 AV: 88 NL: 4.46E6
T: ITMS + p APCI corona Full ms [100.00-500.00]




























CostaExp12_ETLC3_20160422 #104-132 RT: 0.59-1.00 AV: 29 NL: 2.29E7
T: FTMS + p APCI corona Full ms [180.00-200.00]
























C 8 H 15 O 3 N 2 = 187.10772
-0.59334 ppm
188.11094
C 7 13C H 15 O 3 N 2 = 188.11107
-0.70982 ppm
Figure	  37.	  Mass	  spectrum	  of	  (E)-­‐N-­‐(2,3-­‐dimethyl-­‐1-­‐nitrobut-­‐3-­‐en-­‐2-­‐yl)acetamide	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42.	  1 H	  
NMR	  sp
ectrum
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